INTRODUCTION
Infl ammatory bowel diseases and regular use of nonsteroidal anti-infl ammatory drugs (NSAID) such as ibuprofen, aspirin, and indomethacin are associated with gastrointestinal infl ammation and mucosal damage (Masannat et al., 2010) . Nonsteroidal anti-infl ammatory drugs can cause severe damage to the gastrointestinal tract through mechanisms that are not completely understood. Still, NSAID disrupt the intercellular integrity of intestinal epithelial cells thereby increasing gut permeability, infl ammation, ulceration, and potentially bleeding and perforation (Masannat et al., 2010) . Factors such as transforming growth factor-β1 (TGF-β1), cyclooxygenase-2 (COX-2), peroxisome proliferator-activated receptor-γ (PPAR-γ), and nuclear factor κB (NFκB) seem to be involved in the infl ammatory response and therefore might be used as markers for infl ammation and wound healing (Halter et al., 2001; Dubuquoy et al., 2006; Hering and Schulzke, 2009) . The objective was to characterize bioactivity of different casein hydrolysates (CH) on intestinal epithelial cells treated with the NSAID indomethacin and effects of CH on lipopolysaccharide (LPS) induced infl ammation.
ABSTRACT:
Nonsteroidal anti-infl ammatory drugs (NSAID) are associated with gastrointestinal infl ammation and subsequent damage to the intestinal tissue. Earlier studies in our laboratory have found that specifi c casein hydrolysates (CH) might be useful in the treatment of gastrointestinal wounds. The underlying mechanisms that support infl ammation and wound healing are not completely understood, but transcriptional alterations may be used as markers for infl ammation and wound healing. The bioactivity of 3 CH prepared by treatment of commercial casein with pepsin (60 min) followed by corolase (0, 10, or 60 min) were investigated in intestinal epithelial cells treated with the NSAID indomethacin. The bioactivity was evaluated as transcriptional alterations of transforming growth factor-β1 (TGF-β1), cyclooxygenase-2 (COX-2), peroxisome proliferatoractivated receptor-γ (PPAR-γ) and nuclear factor κB (NFκB) by real-time PCR. Furthermore, the effect of CH on lipopolysaccharide-induced infl ammation was evaluated in macrophages by measuring PG E 2 levels. Casein hydrolysates treated with corolase for 10 or 60 min after pepsin treatment downregulated transcription of TGF-β1 and NFκB (P < 0.05) compared with the hydrolysate treated with pepsin only. Hydrolysate prepared by corolase treatment for 60 min after pepsin hydrolysis downregulated transcription of COX-2 (P < 0.05) compared with hydrolysate treated with corolase for only 10 min whereas transcription of PPAR-γ was not affected (P > 0.05). Additionally, the hydrolysate prepared by pepsin treatment only (0 min corolase) had a pro-infl ammatory effect on macrophages via PG E 2 stimulation (P < 0.05). In conclusion, CH produced by a combination of pepsin and corolase treatments downregulated the transcription levels of TGF-β1, COX-2, and NFκB. Means without a common superscript differ (P < 0.05). Within a row, means without a common superscript differ (P < 0.05).
MATERIALS AND METHODS

Cell Cultures
Rat intestinal epithelial cells (IEC-6; DSMZ, Braunschweig, Germany) and RAW 264.7 macrophages (ATCC; LGC Nordic AB, Borås, Sweden) were grown in Dulbecco's modifi ed eagle medium (Life Technologies, Naerum, Denmark) supplemented with 10% fetal calf serum (FCS; Bio-Whittaker, Vallensbaek Strand, Denmark), 1% penicillin-streptomycin (SigmaAldrich, Copenhagen, Denmark) and 1% GlutaMax (Life Technologies). All cells were maintained at 37°C in a humidifi ed atmosphere of 5% CO 2 . Cells for transcription studies were seeded in 6-well plates at a density of 550,000 cells per well in growth medium supplemented with 10% FCS for 20 h until a confl uent monolayer had formed and subsequently treated with 2000 μM indomethacin (Actavis, Gentofte, Denmark) or FCS-free control media for 2 h. Cells were then treated with 0.1, 1, or 2.5% CH or control media for 1 h until harvested and stored in RNAlater (Sigma-Aldrich). The RAW 264.7 cells (10,000 cells per well) were treated with 10 ng LPS and 0.1, 0.25, 1.0, or 2.5% CH for 18 h. Cell viability was measured by a resazurin metabolism assay (AlamarBlue; Life Technologies), and PG E 2 was analyzed by ELISA (Reactionlab, Lynge, Denmark).
Casein Hydrolysates
Casein hydrolysates were prepared from commercial casein (C5890; Sigma-Aldrich), dissolved at 10 mg/mL in phosphate buffer, and adjusted to pH 2.5 with 2 M HCl. Pepsin from porcine gastric mucosa (0.08 mg/mL; Sigma-Aldrich) was added. After 1 h at 37°C, pH was adjusted to 7.4 with 2 M NaOH, and corolase protease preparation containing porcine pancreatic endopeptidases and exopeptidases (0.02 mg/mL; AB Enzymes, Darmstadt, Germany) was added and digestion was continued for 0, 10, or 60 min at 37°C. These samples were ultrafi ltrated by centrifugation through 10 K cut-off spin fi lters (Millipore, Hellerup, Denmark) at 14,000 × g for 15 min at 4°C and stored at -80°C.
Quantitative Real-Time PCR
The procedures including RNA isolation, cDNA synthesis, quantitative real time PCR analysis, and statistical analysis were performed essentially as described by Theil et al. (2006) except that power SYBR-green PCR master mix (Applied Biosystems, Stockholm, Sweden) was used to quantify PCR amplifi cation instead of fl uorescent probes. The following primers were designed (forward primer, reverse primer, and accession no.): TGF-β1 (5′-gcctgagtggctgtcttttga, 5′-ccttgtattccgtctccttggtt, and NM_021578), NFκB (5′-gcaccaagaccgaagcaatt, 5′-aggttatcctgaaaccccacatc, and L26267), PPAR-γ (5′-tcacaagagctgacccaatgg, 5′-ggctctactttgatcgcactttg, and AB011365), and COX-2 (5′-ctctcaatgagtaccgcaaacg, 5′-catttctttctctcctgtaagttcttca, and NM_017232).
Statistical Analysis
The MIXED model was Y ijk = μ + α i + β j + γ k + ε ijk , in which Y ijk is the observation, μ is the overall mean, α i is the effect of the CH (i = 0, 10, and 60 min), β j is the effect of treatment (j = control, control + 1% CH, indomethacin + control, indomethacin + 0.1% CH, indomethacin + 1% CH, and indomethacin + 2.5% CH), γ k is the random effect of repeat (k = plate), and ε ijk is the residual error. Effect of CH on infl ammatory response was analyzed separately with a reduced model for hydrolysates. Signifi cance was judged at P < 0.05.
RESULTS AND DISCUSSION
Effect of Casein Hydrolysates on Transcription of TGF-β1, COX-2, PPAR-γ, and NFκB
Casein hydrolysates treated with corolase for 10 or 60 min (Figure 1 ) resulted in a downregulation (P < 0.05) of TGF-β1 and NFκB when compared to CH treated with pepsin (0 min corolase). The downregulation of NFκB seems favorable because of its role as a pro-infl ammatory factor in infl ammation whereas the downregulation of TGF-β1, which is an important component of barrier function, seems unfavorable (Hering and Schulzke, 2009) . A downregulation (P < 0.05; Figure 1 ) of COX-2 transcription was only observed for CH treated with corolase for 60 min, implying the need for a long hydrolysis for bioactive peptides to be present. However, this effect seems unfavorable if COX-2 represents a defense for the gastrointestinal mucosa necessary for maintenance of mucosal integrity and ulcer healing (Halter et al., 2001 ). Transcription of PPAR-γ was not affected by CH ( Figure  1 ). As PPAR-γ inhibits several infl ammatory signaling pathways including NFκB, an increased transcription of PPAR-γ would have been expected (Dubuquoy et al., 2006) . However, these in vitro studies were limited because optimization of treatment times for indomethacin or CH was not performed and mRNA was only obtained at the end of the treatment period. A full description of changes in protein expression would require a simultaneously determination of protein levels.
Effect of Casein Hydrolysates on the Infl ammatory Response
The RAW 264.7 macrophage proliferation was not affected by treatment with CH (data not shown). An infl ammatory response was induced in RAW macrophages by LPS (Table 1 ). The CH treated with only pepsin (corolase 0 min) showed a concentration-dependent proinfl ammatory effect on RAW macrophages as measured by increased PG E 2 levels. Casein hydrolysates treated with corolase for 10 or 60 min did not affect infl ammation, suggesting that the bioactive peptides present in the CH after pepsin treatment were lost during corolase treatment. However, the commercial casein used in this study has not been tested for the presence of endotoxins, yet digestion of endotoxins by corolase seems unlikely and the observed pro-infl ammatory effect might actually be caused by the presence of specifi c bioactive peptides.
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